Abstract: This paper presents an investigation on the influences of clay brick particles on the performance of cement stabilized recycled aggregate as pavement base. The comparative tests of unconfined compressive strength, compressive modulus of resilience, frost resistance, scouring resistance, drying shrinkage and temperature shrinkage of 6 kinds of mixtures with different coarse and fine clay brick particle contents were carried out. Test results showed that the unconfined compressive strength of cement stabilized recycled aggregate was compromised by the clay brick particles, especially the lateral strength. The coarse clay brick particles had little influence on the compressive resilience modulus of the mixture, while the fine clay brick particles could significantly increase it. The frost resistance of the mixture increased first and then slightly decreased with the increase of the content of coarse clay brick particle, while it increased with the increase of fine particle content. The scoured mass loss increased with the increase of coarse clay brick particle content. However, it is discovered that the fine clay brick particles had almost no influences on the scoured mass loss. The addition of both coarse and fine clay brick particles could decrease the drying shrinkage of the mixture at early construction stage. The temperature shrinkage performance of the mixture was not so sensitive to the addition of clay brick particles. Generally, the cement stabilized recycled aggregate with clay brick particles could meet the requirements of the pavement base in many cases but it needs to be optimized in application with consideration of the load and climate conditions.
Introduction
With the fast development of urbanization in recent years, China's construction industry has developed rapidly, resulting in a lot of problems, such as the generation of large amounts of construction waste. In China, about 1.8 billion tons of construction waste is produced every year [1] . By 2020, the amount of construction waste will even be more. Construction waste is the main source of municipal solid waste, mainly including residue, waste concrete, broken brick, waste asphalt, (RCBA). The RCBA can be divided into coarse (CRCBA) and fine (FRCBA), as shown in Figure 1 . The RCA are divided into types of 10 mm-25 mm (10-25), 5 mm-10 mm (5-10) and 0 mm-3 mm (0-3) according to their particle size, as shown in Figure 2 . According to the "Test Methods of Aggregate for Highway Engineering (JTG E42-2005)" [24] , the technical indexes and grain grading range of the RCA and RCBA were measured and tested, where the results are shown in Tables 1 and 2 . In Table 1 , crushing value is the percentage by weight of the crushed material obtained when the test aggregates are applied under a given load.
According to the technical guideline JTG/T F20-2015 [25] , the maximum crushing value accepted by the highest level requirements is 22%. So, the RAC can meet the requirements of all grade highways as base and subbase materials. The RCBA could meet the requirements of grade 2 and below highways as class I base and subbase materials, for which up to 35% and 40% crushing values are acceptable respectively. The components of CRCBA and FRCBA are shown in Tables 3 and 4 respectively. For FRCBA, since the fine particles were too small to be sorted, only particles larger than 2.36 mm were sorted in the experiments. And the proportion of components in the particles larger than 2.36 mm was used as the representative values for all FRCBA.
According to the C-C-3 grading range for cement stabilized materials (CSM) proposed by JTG/T F20-2015, 6 kinds of CSM with various CRCBA and FRCBA contents were designed to study its performance and the influences of the clay brick particles. Table 5 shows the composition of each CSM. According to the "Test Methods of Aggregate for Highway Engineering (JTG E42-2005)" [24] , the technical indexes and grain grading range of the RCA and RCBA were measured and tested, where the results are shown in Tables 1 and 2 . In Table 1 , crushing value is the percentage by weight of the crushed material obtained when the test aggregates are applied under a given load.
According to the technical guideline JTG/T F20-2015 [25] , the maximum crushing value accepted by the highest level requirements is 22%. So, the RAC can meet the requirements of all grade highways as base and subbase materials. The RCBA could meet the requirements of grade 2 and below highways as class I base and subbase materials, for which up to 35% and 40% crushing values are acceptable respectively. The components of CRCBA and FRCBA are shown in Tables 3 and 4 respectively. For FRCBA, since the fine particles were too small to be sorted, only particles larger than 2.36 mm were sorted in the experiments. And the proportion of components in the particles larger than 2.36 mm was used as the representative values for all FRCBA. According to the C-C-3 grading range for cement stabilized materials (CSM) proposed by JTG/T F20-2015, 6 kinds of CSM with various CRCBA and FRCBA contents were designed to study its performance and the influences of the clay brick particles. Table 5 shows the composition of each CSM. Table 6 lists the content of brick particles of each CSM. Figure 3 depicts the gradations of the 6 kinds of CSM. A 5% cement dosage was used for all CSMs for eliminating the influence of cement dosage. B-0  0  0  43  26  26  5  B-2  20  0  32  18  26  4  B-4  40  0  28  2  27  3  B-4-1  40  10  28  1  20  1  B-6  60  0  20  0  16  4  B-M  50  30  20  0  0  0   Table 6 . Contents of CRCBA, FRCBA and total brick particle of each CSM. Proportion/%  CRCBA FRCBA RCA 10-25 RCA 5-10 RCA 0-3 Mineral Powder  B-0  0  0  43  26  26  5  B-2  20  0  32  18  26  4  B-4  40  0  28  2  27  3  B-4-1  40  10  28  1  20  1  B-6  60  0  20  0  16  4  B-M  50  30  20  0  0  0   Table 6 . Contents of CRCBA, FRCBA and total brick particle of each CSM. 
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Test Methods
First of all, the compaction tests were carried out according to the T0804-1994 test method in JTG E51-2009 (Test Methods of Materials Stabilized with Inorganic Binder for Highway Engineering) [26] regulation to determine the optimum water content and maximum dry density, which were as shown in Table 7 . Then the unconfined compressive strength test, compressive resilient modulus test, freezethaw test, anti-scouring test, and shrinkage test were carried out. 
First of all, the compaction tests were carried out according to the T0804-1994 test method in JTG E51-2009 (Test Methods of Materials Stabilized with Inorganic Binder for Highway Engineering) [26] regulation to determine the optimum water content and maximum dry density, which were as shown in Table 7 . Then the unconfined compressive strength test, compressive resilient modulus test, freeze-thaw test, anti-scouring test, and shrinkage test were carried out. The unconfined compressive strength test was conducted based on the T0805-1994 test method in JTG/T F20-2015 regulation. The specimen was a cylinder with a height of 150 mm and a diameter of 150 mm and the static pressure method was used to form the specimen with a 98% compaction degree. Figure 4 presents the specimens with mold and unconfined compression strength test. Two specimen groups were used, where each group had 9 specimens. According to the JTG E51-2009 regulation, 7d and 28d curing were conducted respectively at standard temperature of 20 • C ± 2 • C, relative humidity above 95% and saturated status for 24 h at the last day. Then the loading rate of 1 mm/min was applied to carry on the unconfined compressive strength test and the maximum pressure was recorded when the specimen was destroyed. Based on the requirements of E51-2009 [26] , the representative value of unconfined compressive strength with 95% guarantee rate R c0.95 was selected as the result of each CSM, which was calculated in accordance with Equation (1)
where R c -average unconfined compressive strength of all specimens (MPa); S-standard error. The unconfined compressive strength test was conducted based on the T0805-1994 test method in JTG/T F20-2015 regulation. The specimen was a cylinder with a height of 150 mm and a diameter of 150 mm and the static pressure method was used to form the specimen with a 98% compaction degree. Figure 4 presents the specimens with mold and unconfined compression strength test. Two specimen groups were used, where each group had 9 specimens. According to the JTG E51-2009 regulation, 7d and 28d curing were conducted respectively at standard temperature of 20 °C ± 2 °C, relative humidity above 95% and saturated status for 24 h at the last day. Then the loading rate of 1 mm/min was applied to carry on the unconfined compressive strength test and the maximum pressure was recorded when the specimen was destroyed. Based on the requirements of E51-2009 [26] , the representative value of unconfined compressive strength with 95% guarantee rate 
where c R -average unconfined compressive strength of all specimens (MPa); S-standard error. 
Compressive Resilient Modulus Test Method
The compressive resilience modulus test was performed referred to the T0808-1994 test method in JTG E51-2009 regulation and a servo hydraulic multi-functional material test system (UTM-100) produced by IPC company was used to carry out the test, as shown in Figure 5 . The specimen was a cylinder with a height of 100 mm and a diameter of 100 mm, which was molded by static pressure method. Nine specimens were prepared for parallel experiments to ensure the reliability of the experimental results. 90d curing was conducted at standard temperature of 20 °C ± 2 °C, relative humidity above 95% and saturated status for 24 h at the last day. The compressive resilient modulus 
The compressive resilience modulus test was performed referred to the T0808-1994 test method in JTG E51-2009 regulation and a servo hydraulic multi-functional material test system (UTM-100) produced by IPC company was used to carry out the test, as shown in Figure 5 . The specimen was a cylinder with a height of 100 mm and a diameter of 100 mm, which was molded by static pressure method. Nine specimens were prepared for parallel experiments to ensure the reliability of the experimental results. 90d curing was conducted at standard temperature of 20 humidity above 95% and saturated status for 24 h at the last day. The compressive resilient modulus test was carried out by loading and unloading at seven levels: 0.1 MPa, 0.2 MPa, 0.3 MPa, 0.4 MPa, 0.5 MPa, 0.6 MPa and 0.7 MPa. The pre-loading was applied up to 0.3 MPa at the rate of 1 mm/min and maintained for 1 min. Then it was unloaded. After unloading for 1 min, the second pre-loading was applied. After 2 pre-loadings, loading and unloading according to the predetermined 7 load levels were applied as the following procedure: apply the load at first loading level and record the displacement sensor readings after the stable pressure for 1 min; after unloading for 0.5 min, record the displacement sensor readings again; record the displacement sensor readings after applying the second loading level; record the displacement sensor readings after 1 min and record the displacement sensor readings again after unloading for 0.5 min and so on, until the final loading and unloading tests are completed. The average of all load levels was considered as the result of the compressive resilience modulus (E c ) of each specimen. And the representative value of modulus of compressive resilience with 95% guarantee rate (E c0.95 ) was selected as the result of each CSM, which was calculated in accordance with Equation (2) E c0.95 = E c − 1.645S (2) where (E c )-average compressive resilience modulus of all specimens (MPa); S-standard error.
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Freeze-thaw Test Method
The freeze-thaw test was conducted according to the T0858-2009 test method in JTG E51-2009 regulation. Eighteen test specimens of each CSM were prepared, including 9 freeze-thaw specimens and 9 non-freeze-thaw contrast test specimens. The specimen was a cylinder with a height of 150 mm and a diameter of 150 mm, which was molded by the static pressure method, as shown in Figure 4a . 28d curing was conducted at standard temperature of 20 °C ± 2 °C, relative humidity above 95% and saturated status for 24 h at the last day. Then the 28d unconfined compressive strength was determined according to the T0805-1994 test method in JTG E51-2009 regulation. After 5 freeze-thaw cycles, the unconfined compressive strength was also determined by the same method. Each freezethaw cycle included a 16 h freezing with −18 °C followed by an 8 h thawing in 20 °C water. 
The freeze-thaw test was conducted according to the T0858-2009 test method in JTG E51-2009 regulation. Eighteen test specimens of each CSM were prepared, including 9 freeze-thaw specimens and 9 non-freeze-thaw contrast test specimens. The specimen was a cylinder with a height of 150 mm and a diameter of 150 mm, which was molded by the static pressure method, as shown in Figure 4a . 28d curing was conducted at standard temperature of 20 • C ± 2 • C, relative humidity above 95% and saturated status for 24 h at the last day. Then the 28d unconfined compressive strength was determined according to the T0805-1994 test method in JTG E51-2009 regulation. After 5 freeze-thaw cycles, the unconfined compressive strength was also determined by the same method. Each freeze-thaw cycle included a 16 h freezing with −18 • C followed by an 8 h thawing in 20 • C water. Figure 6 depicts freeze-thaw cycle specimen. The anti-freezing performance index of the material was calculated as follows
where, BDR-loss rate of compressive strength of specimens after 5 freeze-thaw cycles (%); R DC0.95 -representative value of compressive strength with 95% guarantee rate after 5 freeze-thaw cycles (MPa); R c0.95 -representative value of the 95% compressive strength samples in the non-freeze-thaw cycles (MPa). Figure 6. Freeze-thaw cycle specimen.
Anti-Scouring Test Method
The test of anti-scouring was carried out according to the test method of T0860-2009 in JTG E51-2009 regulation and the UTM-100 was used as the test equipment. The loading capacity of UTM-100 could reach 100 kN, which could meet the requirements of anti-scouring test. Six specimens were prepared for each CSM, where the manufacturing and curing methods were the same as those in the freeze-thaw test. In the test, the specimen was fixed in the scouring bucket with a rubber sheath surrounded it to avoid the possible damages from the fixture. The scouring bucket was firmly placed on the test machine and water was injected into the bucket, where the water surface was higher than the top of the test piece about 5 mm. A rubber pad with holes in vertical direction and 2 horizontal directions was laid on the top surface of the specimen to transform the pressure to the scouring force. In the test, the specimen was continuously scoured 30 min by a dynamic compressive pressure with the peak of 0.5 MPa and the frequency of 10 Hz. After the test, the specimen was unloaded from the machine and the muddy water was poured into a metal basin for precipitation. After 12 h, the upper part water was poured out carefully and the remaining sediment was dried in an oven to determine the weight of the residual material. The weight loss of the specimen during the scouring was calculated in accordance with Equation (4) . And the average of the 6 specimens was taken as the final result.
where, P-weight loss rate due to scouring (%); f m -scoured weight (g); o m -specimen weight (g).
Drying Shrinkage Test Method
The drying shrinkage test was performed to evaluate the shrinkage performance due to water loss at early construction stage, which was in accordance with the test method of T0854-2009 in JTG 51-2009 regulation with modified curing and test conditions. The specimen for drying shrinkage test was a beam with dimensions of 100 mm × 100 mm × 400 mm, as shown in Figure 7 . Six specimens were manufactured for each CSM, where 3 were used to measure the shrinkage deformation and the other 3 were used to measure the water loss rate. After 12 h curing at temperature of 20 °C ± 2 °C, relative humidity above 95%, the specimens were placed in the common laboratory room for 7d drying. The length of the test piece was measured with the Vernier caliper. The glass patch was adhered on two ends of the test piece. Five glass rods coated with lubricant on the floor of the contractile instrument were evenly placed. Then, the test specimen was put in the middle of the contractile instrument and 2 dial indicators were fixed on each end to measure the shrinkage deformation. The shrinkage deformation and the water loss were recorded every day during the 7d drying. The water loss rate and shrinkage coefficient were calculated according to Equation (5) through Equation (9) . The average values were taken as the final results. 
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Drying Shrinkage Test Method
The drying shrinkage test was performed to evaluate the shrinkage performance due to water loss at early construction stage, which was in accordance with the test method of T0854-2009 in JTG 51-2009 regulation with modified curing and test conditions. The specimen for drying shrinkage test was a beam with dimensions of 100 mm × 100 mm × 400 mm, as shown in Figure 7 . Six specimens were manufactured for each CSM, where 3 were used to measure the shrinkage deformation and the other 3 were used to measure the water loss rate. After 12 h curing at temperature of 20 • C ± 2 • C, relative humidity above 95%, the specimens were placed in the common laboratory room for 7d drying. The length of the test piece was measured with the Vernier caliper. The glass patch was adhered on two ends of the test piece. Five glass rods coated with lubricant on the floor of the contractile instrument were evenly placed. Then, the test specimen was put in the middle of the contractile instrument and 2 dial indicators were fixed on each end to measure the shrinkage deformation. The shrinkage deformation and the water loss were recorded every day during the 7d drying. The water loss rate and shrinkage coefficient were calculated according to Equation (5) through Equation (9) . The average values were taken as the final results.
where, ω i -the rate of water loss at the ith drying day(%); δ i -the drying Shrinkage of at the ith drying day (mm); ε i -the drying shrinkage strain at the ith drying day; α di -the coefficient of drying shrinkage at the ith drying day; α d -total shrinkage coefficient; m i -weight of the specimen at the ith drying day (g); X i,j -readings of the j micrometer at the ith drying day (mm); l-length of standard specimen (mm); m p -drying weight of standard test specimen (g). 
where, i ω -the rate of water loss at the ith drying day(%); i δ -the drying Shrinkage of at the ith drying day (mm); i ε -the drying shrinkage strain at the ith drying day; di α -the coefficient of drying shrinkage at the ith drying day; d α -total shrinkage coefficient; i m -weight of the specimen at the ith drying day (g); j i X , -readings of the j micrometer at the ith drying day (mm); l -length of standard specimen (mm); p m -drying weight of standard test specimen (g). 
Temperature Shrinkage Test Method
The temperature shrinkage test was carried out according to the T0855-2009 test method in JTG E51-2009 regulation and 3 specimens were prepared for each CSM, where the manufacturing of the specimens was the same as that in the drying shrinkage test. The test temperature range was 40 °C to −10 °C and 6 temperature levels were set, where the difference of each level was 10 °C. After 7d curing at temperature of 20 °C ± 2 °C, relative humidity above 95% and saturated status for 24 h at the last day, the specimen was removed from the water tank and drying in an oven at 105 °C for 12 h so that there was no free water in the specimen. After that, the specimen was put in a dry and ventilated place until it cooled to the room temperature. The length of the specimen was measured by using the Vernier caliper. Then the specimen was instrumented as in the drying shrinkage test and put in the environment chamber. The test started from 40 °C. After the temperature reached the set level, maintain the constant temperature for 3 h and read the dial indicators 5 min before the end of temperature maintaining. Then lower the temperature to next level with a cooling rate of 0.5 °C/min. Repeat the above actions until the test was finished. The temperature shrinkage, thermo shrinkage strain and temperature shrinkage coefficient were calculated according to Equation (10) through Equation (13) . The average values were taken as the final results. 
The temperature shrinkage test was carried out according to the T0855-2009 test method in JTG E51-2009 regulation and 3 specimens were prepared for each CSM, where the manufacturing of the specimens was the same as that in the drying shrinkage test. The test temperature range was 40 • C to −10 • C and 6 temperature levels were set, where the difference of each level was 10 • C. After 7d curing at temperature of 20 • C ± 2 • C, relative humidity above 95% and saturated status for 24 h at the last day, the specimen was removed from the water tank and drying in an oven at 105 • C for 12 h so that there was no free water in the specimen. After that, the specimen was put in a dry and ventilated place until it cooled to the room temperature. The length of the specimen was measured by using the Vernier caliper. Then the specimen was instrumented as in the drying shrinkage test and put in the environment chamber. The test started from 40 • C. After the temperature reached the set level, maintain the constant temperature for 3 h and read the dial indicators 5 min before the end of temperature maintaining. Then lower the temperature to next level with a cooling rate of 0.5 • C/min. Repeat the above actions until the test was finished. The temperature shrinkage, thermo shrinkage strain and temperature shrinkage coefficient were calculated according to Equation (10) through Equation (13) . The average values were taken as the final results.
where, δ i -the observational temperature shrinkage at ith level (mm); ε i -the temperature shrinkage strain at ith level; α ti -the temperature shrinkage coefficient at ith level (10 −6 / • C); α t -total temperature shrinkage coefficient (10 −6 / • C); X i,j -reading of jth micrometer at ith level (mm); l-initial length of the test specimen (mm); t i -temperature at ith level ( • C).
Test Results
Unconfined Compressive Strength Analysis
According to the requirements of the unconfined compressive strength of the cement stabilized base in JTG/T F20-2015, all the CSMs containing CRCBA and FRCBA can meet the requirements of all grade highways with any traffic duty except the express highway and grade I highway with extremely heavy traffic duty. The recommended range of 7d unconfined compressive strength for those case that can be adapted are from 4 MPa to 6 MPa or lower. Figure 8 shows the effects of CRCBA and FRCBA on the unconfined compressive strength of the mixture. From Figure 8 , it can be seen that the 7d unconfined compressive strength has a downward trend with the increase of CRCBA content. When the amount of CRCBA is greater than 20%, the 7d unconfined compressive strength no longer varies with the increase of CRCBA. The decrease trend of 28d (Figure 8b ) unconfined compressive strength is consistent with that of 7d when the CRCBA content is below 20%. With the increasing of CRCBA content, the 28d unconfined compressive strength still decreases. When the CRCBA content is greater than 40%, the 28d unconfined compressive strength of the CSM no longer varies with the increase of CRCBA. Compared with the 7d unconfined compressive strength, the 28d unconfined compressive strength of each CSM is greatly improved, especially B-20, of which the 28d unconfined compressive strength is increased by 46.9% than the 7d strength. In addition, it is found that when B-4-1 has 10% more FRCBA than B-4, the strength of the mixture increases and the 7d and 28d unconfined compressive strengths only increase a bit by 9.94% and 4.74%, respectively. Compared with B-6, the 7d and 28d unconfined compressive strengths of B-M are decreased by 13.14% and 19.21%, respectively. Figure 9 presents the influences of CRCBA and FRCBA on the compressive resilient modulus of CSM. As shown in Figure 9 , the compressive resilience modulus of CSM remains constant first and then increase with the increase of CRCBA content. The compressive resilient modulus of B-6 increases by 28.1% in comparison with that of B-4. Additionally, B-4-1 has 10% more FRCBA than B-4 and the compressive resilience modulus of B-4-1 increases by 23.9% than that of B-4. Figure 9 presents the influences of CRCBA and FRCBA on the compressive resilient modulus of CSM. As shown in Figure 9 , the compressive resilience modulus of CSM remains constant first and then increase with the increase of CRCBA content. The compressive resilient modulus of B-6 increases by 28.1% in comparison with that of B-4. Additionally, B-4-1 has 10% more FRCBA than B-4 and the compressive resilience modulus of B-4-1 increases by 23.9% than that of B-4. Figure 10 shows the influences of CRCBA and FRCBA on the frost resistance of CSM. According to Figure 10 , the unconfined compressive strength decreases with the increase of CRCBA content whether before and after freeze-thaw cycles. And the unconfined compressive strength of each CSM decreases to a certain extent after 5 freeze-thaw cycles. BDR increases first and then decreases with the increase of CRCBA content. And the BDR of B-0 was the minimum one, 81.6%, indicating that the retained strength rate of CSM with no brick particles is the lowest. BDR differences between the CSMs with the CRCBA are not very large, which are between 90.2% and 92.9%. Compared with B-4, B-4-1 had 10% more FRCBA and its BDR increased by 5.6%. Compared with B-6, B-M had 30% more FRCBA and 10% less CRCBA and its BDR increased by 3.5%. Figure 10 shows the influences of CRCBA and FRCBA on the frost resistance of CSM. According to Figure 10 , the unconfined compressive strength decreases with the increase of CRCBA content whether before and after freeze-thaw cycles. And the unconfined compressive strength of each CSM Sustainability 2018, 10, 3505 12 of 17 decreases to a certain extent after 5 freeze-thaw cycles. BDR increases first and then decreases with the increase of CRCBA content. And the BDR of B-0 was the minimum one, 81.6%, indicating that the retained strength rate of CSM with no brick particles is the lowest. BDR differences between the CSMs with the CRCBA are not very large, which are between 90.2% and 92.9%. Compared with B-4, B-4-1 had 10% more FRCBA and its BDR increased by 5.6%. Compared with B-6, B-M had 30% more FRCBA and 10% less CRCBA and its BDR increased by 3.5%. Figure 9 . Influences of CRCBA and FRCBA on the compression modulus of resilience. Figure 10 shows the influences of CRCBA and FRCBA on the frost resistance of CSM. According to Figure 10 , the unconfined compressive strength decreases with the increase of CRCBA content whether before and after freeze-thaw cycles. And the unconfined compressive strength of each CSM decreases to a certain extent after 5 freeze-thaw cycles. BDR increases first and then decreases with the increase of CRCBA content. And the BDR of B-0 was the minimum one, 81.6%, indicating that the retained strength rate of CSM with no brick particles is the lowest. BDR differences between the CSMs with the CRCBA are not very large, which are between 90.2% and 92.9%. Compared with B-4, B-4-1 had 10% more FRCBA and its BDR increased by 5.6%. Compared with B-6, B-M had 30% more FRCBA and 10% less CRCBA and its BDR increased by 3.5%. 
Modulus Analysis
Frost Resistance Analysis
Anti-Scouring Performance Analysis
The surface images of a typical specimen before and after the anti-scouring test are shown in Figure 11 . Figure 12 shows the influences of CRCBA and FRCBA on the scouring resistance of CSM. 
The surface images of a typical specimen before and after the anti-scouring test are shown in Figure 11 . Figure 12 shows the influences of CRCBA and FRCBA on the scouring resistance of CSM. As shown in Figure 12 , with the increase of CRCBA content, the weight loss increases gradually and that of B-6 increases by 51.4% compared with that of B-0, indicating that the influence of the amount of CRCBA on the anti-scouring performance is significant. In addition, the weight loss of B-4-1 decreases by 4.5% than that of B-4. The weight loss of B-M is 3.8% larger than that of B-6. The addition of FRCBA has very little influence on anti-scouring performance. Generally, the influence of CRCBA on the anti-scouring performance was greater than that of FRCBA. As shown in Figure 12 , with the increase of CRCBA content, the weight loss increases gradually and that of B-6 increases by 51.4% compared with that of B-0, indicating that the influence of the amount of CRCBA on the anti-scouring performance is significant. In addition, the weight loss of B-4-1 decreases by 4.5% than that of B-4. The weight loss of B-M is 3.8% larger than that of B-6. The addition of FRCBA has very little influence on anti-scouring performance. Generally, the influence of CRCBA on the anti-scouring performance was greater than that of FRCBA. Figure 13 shows the relationship between the water loss rate and the drying days of each CSM. Figure 14 shows the influences of CRCBA and FRCBA on the drying shrinkage of CSMs at early construction stage respectively. As shown in Figure 13 , the time variation trend of the water loss rate of each CSM is almost the same. The loss rate is relatively larger in the first two days. After the third day, the change of water loss rate begins to be stable. And the loss rate in each CSM accounts for 61.45% to 68.77% of the total loss rate related to the water loss during the whole test. As it can be seen from Figure 14 , with the increase of CRCBA content, the drying shrinkage coefficient of CSM decreases gradually and the total drying shrinkage coefficient of B-6 decreases by 56% than that of B-0. In addition, the total drying shrinkage coefficient of B-4-1 decreases by 17.3% compared to that of Figure 13 shows the relationship between the water loss rate and the drying days of each CSM. Figure 14 shows the influences of CRCBA and FRCBA on the drying shrinkage of CSMs at early construction stage respectively. As shown in Figure 13 , the time variation trend of the water loss rate of each CSM is almost the same. The loss rate is relatively larger in the first two days. After the third day, the change of water loss rate begins to be stable. And the loss rate in each CSM accounts for 61.45% to 68.77% of the total loss rate related to the water loss during the whole test. As it can be seen from Figure 14 , with the increase of CRCBA content, the drying shrinkage coefficient of CSM decreases gradually and the total drying shrinkage coefficient of B-6 decreases by 56% than that of B-0. In addition, the total drying shrinkage coefficient of B-4-1 decreases by 17.3% compared to that of B-4 and that of B-M decreases by 35.8% compared with that of B-6. It is shown both CRCBA and FRCBA have significant influences on the total drying shrinkage at early construction stage. Figure 15 shows the influences of CRCBA and FRCBA on the temperature coefficient of each CSM at various temperatures. Figure 16 shows the influences of CRCBA and FRCBA on the average temperature shrinkage coefficient of CSM. As can be seen from Figure 15 , the temperature shrinkage coefficient of each CSM fluctuates slightly with the change of temperature. For the CSM without FRCBA, the trends are consistent and the minimum attached to the temperature decreasing from 20 °C to 10 °C. The temperature shrinkage coefficient increases with temperature increase above 20 °C and decrease below 10 °C. The addition of FRCBA slightly changed the trends at temperature below 10 °C.
Drying Shrinkage Performance
Temperature Shrinkage Performance
As shown in Figure 16 , the average temperature shrinkage coefficient increases with the increase of CRCBA content. However, the amplitude is very small. The average temperature shrinkage coefficient of B-6 is only 1.6% larger than that of B-0. It is shown that the CRCBA content has little effect on the average temperature shrinkage coefficient of the CSMs. In addition, the average Figure 15 shows the influences of CRCBA and FRCBA on the temperature coefficient of each CSM at various temperatures. Figure 16 shows the influences of CRCBA and FRCBA on the average temperature shrinkage coefficient of CSM. As can be seen from Figure 15 , the temperature shrinkage coefficient of each CSM fluctuates slightly with the change of temperature. For the CSM without FRCBA, the trends are consistent and the minimum attached to the temperature decreasing from 20 • C to 10 • C. The temperature shrinkage coefficient increases with temperature increase above 20 • C and decrease below 10 • C. The addition of FRCBA slightly changed the trends at temperature below 10 • C.
As shown in Figure 16 , the average temperature shrinkage coefficient increases with the increase of CRCBA content. However, the amplitude is very small. The average temperature shrinkage coefficient of B-6 is only 1.6% larger than that of B-0. It is shown that the CRCBA content has little effect on the average temperature shrinkage coefficient of the CSMs. In addition, the average temperature shrinkage coefficient of B-4-1 increases by 1.7% compared with that of B-4 and that of B-M decreases by 5.2% compared with that of B-6. It is shown that the influence of FRCBA content on the average temperature shrinkage coefficient of CSM is also not so significant. 
Discussion and Conclusions
Based on the test results, it is discovered that the use of CRCBA reduced the unconfined compressive strength in a certain extent. Although the unconfined compressive strength of 7d has no significant relationship with the amount of CRCBA, the increase of CRCBA content might affect the later strength of CSM. For example, the 7d unconfined compressive strength of B-4 is almost the same as B-2 but the 28d strength of B-4 is lower than that of B-2. A little of FRCBA increases the unconfined compressive strength to a certain extent. For example, the 7d and 28d strengths of B-4-1 are increased by 9.94% and 4.74%, respectively, compared with those of B-4. Compared with B-6, the strength of B-M decreases significantly and with the increase of curing age, the decreasing rate shows an increasing trend. Although, as aggregate applied in pavement base and subbase, the RCBA only can meet the requirements of grade 2 and below highways, the early strength of cement stabilized recycled aggregates with clay brick particles could meet the requirements of all grade highways except the 
Based on the test results, it is discovered that the use of CRCBA reduced the unconfined compressive strength in a certain extent. Although the unconfined compressive strength of 7d has no significant relationship with the amount of CRCBA, the increase of CRCBA content might affect the later strength of CSM. For example, the 7d unconfined compressive strength of B-4 is almost the same as B-2 but the 28d strength of B-4 is lower than that of B-2. A little of FRCBA increases the unconfined compressive strength to a certain extent. For example, the 7d and 28d strengths of B-4-1 are increased by 9.94% and 4.74%, respectively, compared with those of B-4. Compared with B-6, the strength of B-M decreases significantly and with the increase of curing age, the decreasing rate shows an increasing trend. Although, as aggregate applied in pavement base and subbase, the RCBA only can meet the requirements of grade 2 and below highways, the early strength of cement stabilized recycled aggregates with clay brick particles could meet the requirements of all grade highways except the extremely heavy duty express highway. The strength of the mixtures and the influence of different content of clay brick particles need further investigation, to better understand the mechanism of interaction of clay brick particle in the mixtures.
A small amount of clay brick particles has little effect on the resilience modulus of CSM. With the increase of clay brick particles, the modulus increases significantly. With the addition of coarse clay brick particles, the strength loss rate of the CSM decreases significantly after the freeze-thaw cycles, the scoured weight loss rate almost remains constant. The increase of clay brick particles could significantly reduce the drying shrinkage coefficient in the early stage of construction. The drying shrinkage coefficient decreased with the increase of clay brick particles (no matter what the particle size is). The drying shrinkage coefficient in the early period of B-0 decreased 71.8% in comparison with that of B-M. At the same time, the increase of clay brick particles had almost no effect on the temperature shrinkage performance of the mixture.
The influences of clay brick particles on the performances of cement stabilized recycled aggregate as pavement base were investigated. Some conclusions can be drawn as followings.
(1) The clay brick particles can reduce the unconfined compressive strength of cement stabilized recycled aggregate. The reduction rate may increase with the increasing age of the mixture. ( 2) The addition of coarse clay brick particles has small influences on the compressive resilient modulus of the mixture and the addition of fine particle could significantly increase the compressive resilience modulus of the mixture.
(3) The frost resistance of the mixture increases first and then slightly decreases with the increase of coarse clay brick particles. The addition of fine clay brick particles could enhance the frost resistance of the mixture. (4) The addition of clay brick particles had almost no influence on the scoured weight loss of the mixture; the addition of fine clay brick particles had almost no influence on the scoured weight loss of the mixture. (5) The drying shrinkage coefficient of the mixture decreases with the increase of clay brick particles no matter what the particle size is. The effect of clay brick particles on the temperature shrinkage performance of the mixture is not so significant. (6) Though the test evaluation of various performances shows that clay brick particles have different effects on the properties of cement stabilized pavement base materials, it can meet the requirements of the pavement base in many cases. For actual applications, it is still necessary to be optimized considering the load and climate conditions.
It should also be noted that clay brick particles are generally considered to compromise the performance of CSM. The main purpose of this paper is to investigate the possible influences of clay brick particles on CSM and the feasibility of CSM including clay brick particles used as pavement base. Many aspects need to be determined according to the specific conditions of the whole highway. So, in the current stage, it is really difficult to determine the "optimum clay brick particle content". Future studies should take this issue into consideration. 
